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JPL Contract 950237 

Contract Objectives 

The objec t ive  of t h i s  program was t o  demonstrate the  f e a s i b i l i t y  

and develop the  technology t o  f a b r i c a t e  e n t i r e  subsystems on a m i n -  
imum number of chips  and i n  a s ing le  package. The subsystem chosen 

a s  the  vehic le  i n  t h i s  development w a s  the  power supply synchonizer. 

Inputs  t o  t h i s  system a r e  38.4 kc square wave, 3 t o  5 v o l t s  peak t o  

peak and capable of switching 3 milliamperes,  o r  op t iona l ly  4.8 kc 

square wave 3 t o  5 v o l t s  peak t o  peak and again capable of switch- 

ing 3 milliamperes. Outputs are 2.4 kc square wave, 5.5 v o l t  peak 

t o  peak, capable of switching 10 mill iamperes,  th ree  phases of a 

t h ree  phase four-hundred cycle square wave capable of switching 

50 v o l t  peak t o  peak s igna l  t o  an 8.2 k load from a 52 v o l t  power 

supply 

Logic Design 

The above described func t ion  can be performed by the  log ic  shown i n  
Figure 1. It cons i s t s  of f i ve  s t ages  of d i r e c t  coupled b inary  count- 

e r s  each of which contain 6 diode t r a n s i s t o r  nand gates .  Three phase 

four-hundred cycle  square wave i s  generated by the  13 ga te  a r r a y  

shown, which i s  dr iven by 1200 cycle  complimentary square wave out-  

puts  from the  b inary  sec t ion  of the  system. Three complimentary 

output  switching c i r c u i t s  a re  used t o  ob ta in  the  necessary high v o l t -  

age swings. C i r c u i t  diagram of the high vol tage  PNP sec t ion  i s  shown 

i n  Figure 2. 
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Low Level Logic 

The o r i g i n a l  approach t o  f ab r i ca t ing  the  low l e v e l  l og ic  was t o  

use Westinghouse dual nand gates  which were a standard product 

f ab r i ca t ed  a t  t he  Newbury Park f a c i l i t y .  

t inu ing  supply of ma te r i a l  f o r  t he  program. However due t o  the  

complexity of the  c i r c u i t  cross under tubs had t o  be incorporated 

i n  the  p a t t e r n  t o  insure  adequate interconnect  f l e x i b i l i t y .  These 

c ros s  under tubs c o n s i s t  of high concentrat ion N type impurity 

diffused i n t o  the  e p i t a x i a l  l a y e r  a t  t he  same time a s  the  emit ter .  

The f a b r i c a t i o n  and use of such c ross  under tubs was the  subjec t  

of in tens ive  study a t  t h i s  point i n  the  program. All t e s t s ,  however 

were done on r e l a t i v e l y  simple systems. 

in tegra ted  c i r c u i t s  a t  t h i s  time was by a t r i p l e d  d i f fused  process. 

A c ross  sec t ion  of such a device i s  shown i n  Figure 3. The bas i c  

layout of the s t m d a r d  dual nand g a t e  required, for a system of 

t h i s  complexity, t h a t  aluminum in te rconnec t  l i n e s  of 1 / 2  m i l  width 

would be required t o  a f f e c t  an interconnect ion of the  e n t i r e  c i r c u i t .  

This imposed severa l  severe l imi t a t ions  and r e s t r i c t i o n s  on the  fab-  

r i c a t i o n  of t he  c i r c u i t :  

graphic processing technology was adequate t o  reso lve  l i n e s  of these  

dimensions i t  would have se r ious ly  a f f ec t ed  y i e l d  t o  t r y  to  accompli* 

t h i s  over any l a rge  a rea ;  2) an  excessive vol tage  drop ex i s t ed  over 

long interconnect ions of 1 / 2  m i l  width,  f o r  these  reasons it w a s  de- 

cided tQ a f f e c t  a complete redesign from the  low l e v e l  l og ic  po r t ion  

a l l  of which was  done on a s ingle  chip. The o r i g i n a l  design u t i l i z -  

ing 1 / 2  m i l  in terconnect  l i nes  i s  shown i n  Figure 2 .  

s ign u t i l i z i n g  no interconnections l e s s  than l m i l  i s  shown i n  

Figure 3 .  A t  th i s  point  i n t i m e  a double d i f fused  e p i t a x i a l l y  grown 

s i l i c o n  process f o r  device f ab r i ca t ion  was developed a t  Westinghouse. 

This would insure  a con- 

The method of f a b r i c a t i n g  

1) although mask q u a l i t y  and photo l i t h o -  

The new de- 
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Detai led y i e ld  s tud ie s  c l e a r l y  demonstrated the  s u p e r i o r i t y  of t he  

new approach and s ince  y i e ld  is  the  a l l  important cons idera t ion  i n  

l a rge  area devices ,  t he  decis ion was made t o  convert  from t r i p l e  

d i f fused  t o  d i f fused  e p i t a x i a l  devices f o r  t h i s  program. A c ros s  

sec t ion  of a device fabr ica ted  by t h i s  process i s  shown i n  Figure 2 , 
d e t a i l s  of t he  process a r e  given i n  the  Appendix. 

redesign i n  the  development of t he  d i f fused  ep i t axy  process con- 

s ide rab le  runs were made and tes ted .  

was approximately 80%. 

random nature .  

e p i t a x i a l  l ayer .  

s i s t i v i t y  sublayer  and high r e s i s t i v i t y  top  l a y e r  t o  ob ta in  adequate 

breakdown. 

s e r i e s  r e s i s t a n c e  t o  provide low s a t u r a t i o n  vol tage.  Following t h i s  

the  boron i s o l a t i o n  d i f fus ion  was performed, and severe d i f f i c u l t i e s  

were encountered i n  a t t a i n i n g  adequate i s o l a t i o n  through the  high 

concent ra t ion  lower e p i  y ie ld  was extremely low using t h i s  process. 

An improved process consis ted of s e l e c t i v e l y  depos i t ing  a r s e n i c  i n  

the  s u b s t r a t e  ma te r i a l  only under c o l l e c t o r  regions,subsequently low 

concent ra t ion  e p i  was grown and i s o l a t i o n  a f f e c t e d  from t h e  top  of 

t he  e p i  layer .  N o  i s o l a t i o n  was required through a region of high 

concentration. Figure !& i s  a c ros s  sec t ion  from a device f ab r i ca t ed  

by such a technique. On t h e  Fa i lu re  Analysis performed on many many 

devices  unfor tuna te ly  a systematic f a i l u r e  became evident .  This was 

i n  the  c ros s  under tubs used t o  achieve c ros s  overs  i n  the  i n t e r -  

connect pa t t e rn ;  although many t e s t s  of smaller  devices  have been 

made u t i l i z i n g  one o r  two diffused c ross  unders, t he  weakness of such 

a system d id  not  become apparent u n t i l  i t  was appl ied  t o  a system of 

extreme complexity. 

a f f e c t  interconnect ion.  

Af te r  t h e  f i n a l  

Single  ga t e  y i e ld  a t  t h i s  t i m e  

Fa i lures  of t he  device were lakgely of a 

The o r i g i n a l  d i f fused  e p i  process required a double 

This approach used a high concent ra t ion  low re- 

The sublayer  was necessary t o  reduce the  c o l l e c t o r  

129 cross  under tubs i n  a l l  were required t o  
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Two major f a i l u r e  modes ex is ted ;  one was f a i l u r e  t o  make ohmic 

contac t  through the  opening i n  the  s i l i c o n  dioxide pass iva t ing  

l a y e r  and the  second w a s  a l l o y  shor t ing  through the  oxide of t he  

interconnect  t o  the  s i l i c o n .  The o v e r a l l  s ing le  g a t e  y i e ld  a t  

th is  poin t ,  due t o  the  above descr ibed f a i l u r e  modes and no non- 

systematic f a i l u r e  modes occurring i n  the  ind iv idua l  devices was 

approximately 80%. This yie ld  was much too low t o  at tempt  t o  

bu i ld  a system of t h i s  complexity and hope f o r  any reasonable 

usable  y ie ld .  

5%, an ind iv idua l  ga te  y i e ld  of 94% would have t o  be realized..  

It was the re fo re  deemed unfeasible  t o  bu i ld  a system of t h i s  com- 

p l e x i t y  a t  t h a t  t i m e  by non-redundant techniques. 

con t r ibu t ing  f a c t o r  t o  the  low y i e l d  was t h e  extremely l a rge  junc- 

t i o n  a rea  required f o r  the  cross  under tubs.  A t  t h i s  time Westing- 

house proposed a continuance of e f f o r t  on the  b a s i s  of using mul t i -  

i aye r  metal  interconnects  to fabricate t h e  low l e v e l  l og ic  s e c t i o n  

of the  device. Three possible  ways exist  t o  a f f e c t  l a r g e  a rea  

interconnect :  1) jumper wires  can be used between d i f f e r e n t  sec-  

t i o n s  of t h e  device. This leads however t o  an  extremely complex 

bonding scheme wi th  extremely low r e l i a b i l i t y  due t o  shor t ing  of 

the  jumper wires and the  large number of gold t o  aluminum bonds 

required;  2) t o  use d i f fused  c ross  under tubs  of low r e s i s t i v i t y  

N type s i l i c o n  insu la ted  by a thermal oxide from the  aluminum 

in te rconnec ts  passing over  it; 3)  t o  use conventional aluminum 

f i r s t  in te rconnec t  over thermal oxide,  followed by a dielectr ic  

ma te r i a l  appl ied  by one of severa l  ways i e ;  a pos i t i on  of t h e  

aluminum reac t ive  sput te r ing ,  of spu t t e r ing  thermal evaporat ion,  

e l e c t r o n  beam evaporation. 

I n  o rde r  t o  achieve a device y i e l d  a t  d i e  s o r t  of 

Another major 
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I n  the f i r s t  phase of the  program, Westinghouse e l ec t ed  t o  use 

approach number two because of t he  previously mentioned low re-  

l i a b i l i t y  and complication of f a b r i c a t i n g  approach number one, 

and because a t  t h a t  time it was f e l t  t h a t  t he  technology required 

t o  develop approach number three w a s  beyond the  scope of the  pro- 

gram. 

tubs i n  much l e s s  complex systems. A t  the  end of phase one of t he  

program, Westinghouse proposed an extension of e f f o r t  t o  f a b r i c a t e  

the  sub system using approach number three.  

t h i s  extension of e f f o r t ,  phase two, w a s  t o  incorporate  redundancy 

on a component l e v e l  t o  overcome the  y i e ld  problem mentioned 

e a r l i e r .  

every component required i n  the  c i r c u i t  a f t e r  f i r s t  me ta l i za t ion  

the  wafer was 100% t e s t e d  a t  the  component l e v e l  and very  care-  

f u l l y  mapped. 

Also considerable  data ex i s t ed  on the  use of c ros s  under 

A major inovat ion i n  

The f i r s t  approach w a s  t o  provide two components f o r  

Rather than provide a unique interconnect  mask f o r  every device,  

s ince  it  was understood i n  advance t h a t  many devices would be 

processed, a scheme i n  which only a contac t  opening mask need be 

a l t e r e d  was devised. This contact  opening mask w a s  f i r s t  made i n  

a dark f i e l d  ve r s ion  a t  t e n  times f i n a l  s i z e ,  i t  g ives  access  t o  

every component on the  wafer. 

Af te r  component s e l e c t i o n  t e s t i n g  has  been complete and the  good 

components s e l ec t ed ,  those components not needed a r e  painted out 

on the  contac t  s e l e c t i o n  mask. 

oxide and a standard interconnect mask which g ives  access  t o  a l l  

components i s  appl ied over it. During the  i n t e r v a l  between t h e  

submission of the  proposal and the  i n i t i a t i o n  of work y i e ld  rose 

The mask i s  then appl ied  t o  the  
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t o  a l e v e l  a t  which Westinghouse f e l t  a t  t h e  level of redundancy 

t o  be reduced from th ree  t o  two. I n  o t h e r  words, f o r  every two 

devices required on the  wafer, t h r e e  were provided. The layout  

was a s  shown i n  Figure . This scheme requ i r e s  t h a t  two masks 

be a l t e r e d ,  one t h e  contac t  s e l e c t i o n  mask and two, t he  second 

in te rconnec t ion  masks, i n  t ha t  interconnect  common t o  two devices 

must be opened a t  one point .  

Accordingly, a complete redesign of the low level  l o g i c  was under- 

taken t o  accommodate the  redundancy approach. 

A t  t h i s  t i m e  a major cause of f a i l u r e  w a s  shor t ing  of t h e  f i r s t  

interconnect  aluminum t o  the s u b s t r a t e  through p in  holes  i n  t h e  

thermally grown oxide; consequently i t  was f e l t  necessary t o  mini- 

mize the amount of t he  aluminum on the  f i r s t  interconnect  and have 

L Lhe 

t o  t he  design attempted t o  accommodate the  e n t i r e  low l e v e l  l og ic  

sec t ion  i n  one chip. This was l a t e r  deemed unfeas ib le ,  i n  t h a t  

the  complexity of the f i r s t  interconnect  required f o r  the  t h r e e  

phase genera tor  was g r e a t e r  than t h a t  required f o r  t h e  f i v e  b i t  

binary;  and t o  impose t h i s  increased complexity on the  e n t i r e  de- 

v i c e  would severe ly  l i m i t  yield.  Therefore,  i t  was decided t o  

break the  44 g a t e s  of the low l e v e l  l og ic  i n t o  two chips ,  one con- 

t a i n i n g  f i v e  b i t  b inary  and t h e  o t h e r  containing the  t h i r t e e n  

ga te s  of t he  three-phase generator ,  plus  an  output  b u f f e r  gate .  

The f i r s t  ch ip ,  t h e  N, by 32 func t ion  measures .285 by .285". 

The second ch ip  measures .190 by .285". A t  t h i s  t i m e  JPL expressed 

a d e s i r e  t o  be ab le  t o  operate a t  4.8 kc sometime i n  the  fu ture .  

level  of varl ,,,~ndancy 1 i s d i v i d ~ a l  c~mponents~ At f i r s t  approach 

- 6 -  
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This was accomplished by br inging t h e  output  of t h e  t h i r d  b ina ry  

out  on a separa te  pin,  put t ing t h e  input  t o  t h e  f o u r t h  b inary  on 

an  a j acen t  pin. 

For 4.8  kc operat ion,  they a re  opened and 4.8 kc appl ied t o  t h e  in-  

put of t he  f o u r t h  binary.  

b i n a r i e s  draw cur ren t  i n  t h i s  mode of operat ion,  bu t  no s i g n a l  

path exis ts  through them. The t h i r d  ch ip  i n  the  system was the  

high vol tage  NPN which measures .130 by .130". The bas i c  mask 

set  w a s  t he  same a s  the low level log ic ,  a l though it would have 

been poss ib le  t o  reduce t h e  s i z e  of t he  ch ip  by red is igning  speci-  

f i c a l l y  f o r  t h i s  appl ica t ion ,  and it  would have been poss ib le  t o  

avoid mul t i - layer  interconnects  on t h i s  chip. It w a s  f e l t  econ- 

omically advantageous t o  do it wi th  t h e  same mask set as t h e  low 

l e v e l  l og ic ,  s ince  the  ove ra l l  package s i z e  w a s  determined by t h e  

low l e v e l  l og ic  s e c t i o n  anyway. Since the  complexity of t he  mul t i -  

lajrcr Iz te rccnnec t  on this sec t inn  of t he  device i s  considerably 

l e s s  than  on the  low l e v e l  log ic  sect ion.  The f o u r t h  ch ip  w a s  the 

high vol tage  PNP output  switch, the  s u b s t r a t e  of which i s  mounted 

on an  i s o l a t e d  i s land .  

For 38.4 kc opera t ion ,  these  two leads  a r e  shorted.  

The e n t i r e  device draws t h r e e  preceding 

Mult i layer  In te rconnec t  Process Development 

Consider t he  requirements of t h e  ma te r i a l s  and processes  involved 

i n  f a b r i c a t i n g  a no caps,  mul t i - layer  interconnected device. The 

f i r s t  metal  must make ohmic con tac t  t o  s i l i c o n ,  adhere w e l l  t o  

thermally grown s i l i c o n  dioxide; be e a s i l y  e tchable  i n  a substance 

t h a t  does not  a t t a c k  the  oxide; t h e  d i e l e c t r i c  deposi ted over  these  

interconnects  must have the fol lowing proper t ies :  
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1) Adhere we l l  t o  thermally grown s i l i c o n  dioxide a s  we l l  a s  

t o  the  metal of t he  f i r s t  interconnect .  

2 )  Be pin-hole f r e e .  

3)  Not introduce s ign i f i can t  capacitance between the  two l aye r s  

4 )  Be configurable  by anyone of severa l  techniques. 

5) Must a l s o  be impermeable t o  any so lvents  t h a t  w i l l  a t t a c k  

the  f i r s t  interconnect .  

Several  systems answer some of these  requirements t o  a g r e a t e r  

o r  l e s s e r  degree. One system considered was  aluminum oxide formed 

by anodizat ion of t he  f i r s t  aluminum interconnect .  However, grave 

d i f f i c u l t i e s  a r i s e  i n  forming the  oxide on v e r t i c a i  steps. Tnis 

can be overcome by a separate  masking s tep.  Another grave d i f f i -  

c u l t y  i s  i n  conf igura t ing  the contac t  openings i n  the  aluminum 

oxide. Most s i g n i f i c a n t l y  the  capaci tance per c ross  over would 

be excessively high. 

Another system i s  aluminum s i l i c o n  dioxide aluminum. 

var ious  techniques f o r  evaporating s i l i c o n  dioxide.  The approach 

chosen by Westinghouse i n  the f i r s t  pa r t  of the  program was re- 

a c t i v e  evaporation. In  t h i s  approach, s i l i c o n  monoxide i s  evap- 

ora ted  from a Tantalum boat i n  an  oxygen atmosphere. Af t e r  t h i s  

s t e p ,  contac t  openings a r e  etched i n  the oxide and the  aluminum 

of the  second interconnect  deposited and configurated i n  the  usual 

manner. Several  problem areas  ex i s t ed  i n  t h i s  process. One was 

There a r e  
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t h e  con t ro l  of t he  e tch ing  of t he  oxide. The e tchant  i n  use a t  

t h a t  t i m e  a t tacked  the  aluminum as w e l l  a s  evaporated oxide,  

consequently when contac t  openings were etched i n  t h e  oxide,  t h e  

underlying aluminum a reas  were destroyed i n  some sec t ions  of t h e  

device . 
Two poss ib le  so lu t ions  ex is ted :  1) evaporate a b a r r i e r  metal 

over t he  f i r s t  interconnect  which was not  a t tacked  by the  oxide 

e tch ;  2) formulate an e tch  which would s e l e c t i v e l y  d i s so lve  the  

oxide and not  a t t a c k  the  aluminum and f o r  which an adequate photo 

resist e x i s t s .  

and phosphoric ac ids  f u l f i l l e d  the  requirements of approach number 

2. 

apparent.  

It was found t h a t  a d i l u t e  s o l u t i o n  of hydrof luor ic  

Several  runs were made and a weakness i n  t h i s  design became 

I n  areas where con tac t  openings i n  t h e  second oxide did no t  

r e g i s t e r  p e r f e c t l y  w i t h  t h e  first in te rconnec t ,  thp_ t h e m a l l y  

grown oxide on the  s i l i c o n w a s  exposed t o  e t ch  solut ion.  The 

rate of so tu t ion  of thermal oxide i n  t h i s  e t c h  i s  many times 

g r e a t e r  than  t h e  ra te  of so lu t ion  of evaporated oxide. Consequent- 

l y  wide spread d i sa s t rous  undercut t ing resu l ted .  

solved by making pads on t h e  f i r s t  in te rconnec t  l a r g e r  than  the  

contac t  opening. However, t h e  major problem i n  t h i s  approach 

was i n  c o n t r o l  of t h e  composition of t h e  evaporated oxide. 

t he  r eac t ive  evaporat ion approach, an  oxide intermediate  i n  

composition between S i0  and Si02 i s  a t t a ined .  
pos i t i on  over  which t h i s  oxide has  t h e  necessary p rope r t i e s  i s  

extremely s m a l l ,  I f  the  oxide approaches S i0  i n  composition, it 

has exce l l en t  i n su la t ing  proper t ies  and i s  pin-hole f r ee .  

it i s  of such composition t h a t  it cannot be etched by buffered HF 

so lu t ions .  

This problem was 

By 

The range of corn- 

However, 
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I f  i t  approaches Si02 i n  composition, it i s  e a s i l y  e tchable  

bu t  the  incidence of p in  holes increases  and the  number of 

sho r t s  between f i r s t  and second in te rconnec ts  becomes excessive.  

Two poss ib le  so lu t ions  t o  t h i s  problem ex i s t ed :  1) t o  f i n d  an  

e t ch  which would a t t a c k  S i 0  but  no t  aluminum o r  Si02, 

tremely un l ike ly  set  of condi t ions t o  be m e t .  The o t h e r  was t o  

inves t iga t e  t h e  p o s s i b i l i t y  of using a metal o t h e r  than aluminum 

f o r  t he  f i r s t  interconnect  which would not  be a t tacked  by the  

S i0  e tchant  and the re fo re  would a c t  as a b a r r i e r  t o  a t t a c k  of t he  

f i r s t  oxide. However, th i s  approach would meet wi th  many problems, 

t he  primary one being the  inherent po ros i ty  of evaporated t h i n  

f i lms  would make i t  d i f f i c u l t  t o  f a b r i c a t e  a f i l m  of dens i ty  suf -  

f i c i e n t  t o  be a b a r r i e r  t o  any etchant .  The t h i r d  p o s s i b i l i t y  

was t o  evaporate s i l i c o n  monoxide over  a p o s i t i v e  photores i s t .  

This process then became the s tandard one. Pho to res i s t  i s  appl ied  

t o  aluminized a reas  which were des i r ed  t o  be kept  f r e e  of oxide. 

This was f a c i l i t a t e d  by using a r e s i s t  which deploymerized upon 

exposure t o  u l t r a  v i o l e t  l i g h t ,  t he re fo re  a l i g h t  f i e l d  mask can 

be used. Step two - evaporate s i l i c o n  monoxide over  t he  e n t i r e  

sur face  including a reas  covered by pho to res i s t ,  Step t h r e e  - 
a f t e r  evaporat ion,  a high pressure solvent  spray i s  d i r ec t ed  a t  

t he  sur face  t o  remove the  photoresis t .  I n  a reas  overlying t h e  

pho to res i s t ,  t he  oxide cracks,  allowing penet ra t ion  of so lvent  

and subsequent so lu t ion  of t he  photores i s t .  Fur ther  so lvent  spray 

removed a l l  res is t  and overlying oxide. 

An ex- 

The e n t i r e  process of development i s  completed i n  60 seconds ex- 

posure t o  the  spray. This approach has seve ra l  advantages and i s  

the  bas i c  one i n  use a t  t h i s  t i m e .  
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The advantages a re :  

1. Extremely sharp reso lu t ion ,  much higher  than a t t a i n a b l e  

by etching.  

2. S i l i c o n  monoxide i s  extremely easy t o  evaporate i f  t he  

problem of cont ro l l ing  oxide composition by oxygen pres- 

sure  i s  removed. 

3 .  A pin  hole  f r e e  oxide of exce l l en t  e l e c t r i c a l  charac te r -  

i s t i c s  i s  achieved. 

A t  t h i s  time, f u r t h e r  d i f f i c u l t y  was encountered. This w a s  

opening of the  second interconnect  over s t e p s  i n  the  oxide. 

This was due t o  the  f a c t  t ha t  standard aluminum evaporations 

took place from a source normal t o  the  sur face  of the  wafer. 

On v e r t i c a l  sur faces  such as  the  step-over f i r s t  in te rconnec t ,  

very l i t t l e  ma te r i a l  i s  deposited. During e tch ing ,  these  a r e a s  

became much th inne r  and can become a ho t  spot o r  undercut t o  the  

point  of opening. This condi t ion w a s  somewhat a l l e v i a t e d  by 

evaporating aluminum from mult iple  l i n e  sources a t  an angle of 

incidence a t  60' t he  surface of t he  wafer. 

t h e  f i r s t  l a rge  s c a l e  a r ray  w a s  f ab r i ca t ed ,  a s i x  ga t e  binary 

containing 54 components was f ab r i ca t ed ,  packaged, t e s t e d  and 

de l ivered  t o  JPL. 

Using t h i s  approach, 

A t  t h i s  time a f u r t h e r  d i f f i c u l t y  was encountered. This was i n  

the  etching of the second interconnect .  The aluminum was approxi- 

mately 10,OOOR t h i c k  and to  avoid t h e  undercut t ing a t  t h i s  s tep .  

Previously described cont ro l  of e tching was extremely c r i t i c a l  

t o  the  suc:cessf ul fabr ica t ion .  
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When extended t o  l a rge  area a r r ays ,  t h i s  con t ro l  becomes imposs- 

i b l e  t o  achieve,  due t o  the  uneven thickness  of the  aluminum and 

the  uneven etching r a t e  of aluminum over la rge  areas .  So t h a t  it 

was f e l t  necessary t o  use a ma te r i a l  r e j e c t i o n  mask t o  conf igura te  

the  second interconnect .  This mask works i n  a manner i d e n t i c a l  

t o  t h a t  described f o r  t h e  configurat ion of s i l i c o n  monoxide using 

pos i t i ve  photores i s t .  

The f i r s t  seven attempts t o  f a b r i c a t e  devices  of moderate s i z e  

produced th ree  funct ioning s i x  ga t e  b i n a r i e s ,  one of which was 

packaged and shipped t o  JPL f o r  eva lua t ion  purposes. The aluminum 

being evaporated from mult iple  high angle  of incidence l i n e  sources. 

However, t h e  thickness  a t t a i n a b l e  by t h i s  technique i s  not  very 

grea t .  The problem i s  t h a t  t he  r e s i s t  i s  sucep t ib l e  t o  des t ruc-  

t i o n  by heat ing and i f  an evaporation takes  place over a long 

period of time o r  a t  an extremely high f i lament  temperature o r  

i n  c lose  proximity t o  the  f i laments  ( a t  l e a s t  one of these  con- 

d i t i o n s  i s  necessary t o  achieve th ickness)  very  hard s e t t i n g  o r  

carboniza t ion  of the  r e s i s t  occurs. Other a l t e r n a t i v e  i s  t o  apply 

the  aluminum i n  mul t ip le  evaporation, however, t h i s  leads t o  an 

undesirable  oxide barrier layer  between the  var ious  aluminum evap- 

o ra t ions ,  even i f  the  devices a r e  k e p t  i n  vacuums. 

The f a i l u r e  mode r e s u l t i n g  from t h i n  aluminizat ion i s  discon- 

t i n u i t y  of the second interconnect  aluminum through the opening 

from the top of the oxide t o  the  top.of  the f i r s t  interconnect  

aluminum. 
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This lack  of con t inu i ty  between the  two l aye r s  i s  a r e s u l t  of 

=sing pos i t i ve  photores i s t  to conf igura te  the evaporate oxide. 

Referring t o  Figure 5, i f  the contac t  openings a r e  configurated 

by etching,  a c ros s  sec t ion  through the  opening appears a s  i n  

Figure IB. During subsequent metal  evaporat ion,  a t h i n  l a y e r  of 

aluminum w i l l  be deposited an a reas  "A". I n  the  case of oxide 

evaporated over pho to res i s t ,  the  i d e a l  case appears a s  i n  Figure 

IA;  i n  p rac t i ce  however, the c ros s  s e c t i o n  i s  the  one shown i n  

Figure I C .  

incidence me ta l l i za t ion  sources, the  area "A" would rece ive  l i t t l e  

o r  no metal. 

It can be readi ly  seen t h a t  even wi th  high angle  of 

The following approach was made t o  solve t h i s  problem: 

Af te r  the  oxide has  been evaporated and removed from contac t  

e r e a s ,  alminum of a thickness s l i g h t l y  g r e a t e r  than  the  oxide 

thickness  i s  evaporated over the  e n t i r e  device. The same contac t  

opening mask a s  was used on the  oxide contac t  opening is  used t o  

expose a negat ive photoresis t  on the  aluminum. The device i s  then 

etched i n  an aluminum etchant ,  leaving the  contac t  openings f i l l e d  

with aluminum and a l l  o ther  a reas  f r ee .  

s ec t ion  through the  contact  a t  t h i s  point  i n  the  process. The 

second interconnect  i s  then appl ied  i n  the  normal manner; a c ros s  

sec t ion  of the  f i n a l  s t ruc tu re  i s  shown i n  Figure 6 . 
time another  f a i l u r e  mechanism became apparent,  i n  the  configura-  

t i o n  of t he  contac t  f i l l i n g  aluminum by etching. I f  pe r f ec t  

alignment wi th  the  f i r s t  interconnect  was not  a t t a i n e d ,  a narrow 

band of 1st interconnect  aluminum was exposed t o  e t c h  and during 

conf igura t ion  was at tached and opened. Two approaches were made 

t o  a l l e v i a t e  t h i s  problem, 

Figure I1 shows a c ros s  

A t  t h i s  
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I n  t h e  f i r s t ,  aluminum f o r  the contac t  ho le  f i l l i n g  opera t ion  

was evaporated through a pos i t ive  pho to res i s t  mask and i n  the 

second an  overs ize  contac t  mask was made t o  insure  alignment a t  

the  contac t  a reas .  

F i r s t  approach i s  unfeasable due t o  the  previously mentioned 

d i f f i c u l t y  involved i n  bui lding up t h i c k  l aye r s  through a posi-  

t i ve  mask. 

spacing of some of the  contacts .  A t  t h i s  time, enough da ta  on 

y i e ld  l e v e l s  had accumulated t o  make-possible a re -eva lua t ion  on 

the  redundancy l e v e l  required.  Since the  incept ion  of the program, 

on the  y i e l d  had increased t o  a point  w e l l  i n  excess of 95% and 

it was decided t o  lower the  redundancy t o  the  ga t e  leve l .  On t h i s  

approach, whole ga t e s  a r e  connected on the  f i r s t  interconnect .  

Test ing i s  then done on  the g a t e  l e v e l  and the  f r e e  se l ec t ed  ga te s  

a r e  connected on the  second interconnect .  The major con t r ibu t ing  

f a c t o r  to B y i q l d  ixpmvement was an improvement i n  the  thermally 

grown oxide t h a t  reduced t o  an  extremely low l e v e l  t he  number of 

a l l o y  s h o r t s  from f i r s t  interconnect  t o  s i l i c o n .  

The second was unfeasable due t o  the  extremely c lose  

The advantage t o  ga te - leve l  redundancy a r e  obvious; t e s t i n g  t i m e  

i s  considerably reduced by a f a c t o r  of approximately 15; the  

number of cross-overs  was reduced by 50% and t h e  number of con tac t  

openings, always a poten t ia l  f a i l u r e  poin t ,  was reduced t o  20% of 

t h e  o r i g i n a l  number. The one poss ib le  disadvantage i s  the  reduc- 

t i o n  i n  o v e r a l l  reduct ion  devices a t t a i n a b l e  p e r  wafer d id  not  

mater ia l ize .  The f i r s t  device run a t  t he  g a t e  l e v e l  was 40% func- 

t i o n a l ,  two binarys  of the f i v e  were opera t iona l .  The use of 

p o s i t i v e  pho to res i s t  t o  configurate  t h e  contac t  ho le  f i l l i n g  and 

t h e  second interconnect  aluminum proved t o  be an unworkable system 

f o r  t he  fol lowing reason: 

-14- 



A f t e r  the  app l i ca t ion  of the photo- res i s t  and immediately 

p r i o r  t o  evaporat ion of t h e  aluminum, i e ,  during the  opera t ion  

of t he  pump-down cyc le  i n  evaporation, a t h i n  b a r r i e r  l a y e r  of 

organic  ma te r i a l  outgases from the  pho to res i s t  and prevents 

adequate adhesion of the  aluminum t o  t h e  s i l i c o n  monoxide and 

imposes a high r e s i s t ance  b a r r i e r  l a y e r  between the  aluminum 

of the  f i r s t  and second interconnect.  This d i f f i c u l t y  i s  non- 

e x i s t a n t . o n  the  oxide evaporation s t e p  because the  t o t a l  amount of 

photo- res i s t  present  on the  sur face  i s  extremely minute. I n  a l l  

of the  aluminum s t e p s ,  however, an extremely high percentage of 

t he  sur face  i s  covered with organic  ma te r i a l  and very  small  a r eas  

a r e  l e f t  open. The d i f f i c u l t y  experienced i n  a t tempting t o  con- 

f i g u r a t e  second interconnect  and contac t  h o l e - f i l l i n g  aluminum by 

e tch ing  was due t o  the  s l i g h t  permiabi l i ty  of s i l i c o n  monoxide t o  

aluminum e tchant  e s p e c i a l l y  along v e r t i c a l  sur faces  on the f i r s t  

interconnect  where the oxide i s  extremely th in .  Two approaches 

were taken t o  soive this problem, one w a s  t h z  use of B m i d t i -  

metal system, the  second interconnect  of which could be config-  

urated by etching i n  a substance t h a t  did not  a t t a c k  the  metal  

of t he  f i r s t  interconnect .  

Several  systems were inves t iga ted  such a s  aluminum f o r  the  

f i r s t  interconnect  and nickel-gold o r  t i t an ium goId f o r  the second 

interconnect .  The use of e i t h e r  n i cke l  o r  t i t an ium underl ine the  

gold of the  gold of the second in te rconnec t  was necessary t o  in-  

sure  adequate adhesion t o  the s i l i c o n  monoxide. Strong oxide 

bonds were achieved between these  metals  and oxides  of s i l i c o n .  

The process worked extremely we l l  a s  f a r  a s  adhesion lack  of 

shor t ing  and a l l  make contact  w i th  the  f i r s t  in te rconnec t  was 

concerned, however the major d i f f i c u l t y  was encountered i n  con- 

f i g u r a t i n g  the  second interconnect .  
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This was a two-step process,  photo- res i s t  was f i r s t  appl ied  t o  

the  sur face  of the gold,  the gold was etched i n  a s o l u t i o n  t h a t  

d id  not a t t a c k  n i cke l  and then the  n i cke l  was etched i n  a solu-  

t i o n  t h a t  did not a t t a c k  gold. 

t o  monitor v i s u a l l y  and so a t  the  time the  multi-metal  l aye r  ap- 

proach was deemed unfeasible.  

at tempt t o  apply a substance t o  the  sur face  of t he  s i l i c o n  monox- 

ide  which was compatible with it wi th  the  metal  of the  second 

interconnect  and which sealed t h e  permiabi l i ty  and poros i ty  of 

the  s i l i c o n  monoxide. The system developed w a s  t o  depos i t  s i l i c o n  

monoxide i n  the  normal manner and then depos i t  py ro ly t i c  Si02 Over 

it. 

t h a t  insured depos i t ion  of an oxide a t  low temperatures. 

norm41 high temperature oxide process could not  be used because 

al loyed aluminum s i l i c o n  areas  e x i s t  on the  wafer and the  process 

was f a r  h igher  than  the  e u t e c t i c  between these  two substances.  

This was a s t e p  t h a t  was poss ib le  

The second approach taken was t o  

The s p e c i a l  p y r o l i t i c  process was developed f o r  t h i s  program 

The 

A workable low-temperature process was developed t h a t  deposi ted 

p y r o l i t i c  oxide a t  28OoC. This process r equ i r e s  one a d d i t i o n a l  

masking s t e p  t o  remove S i 0  from the  con tac t  a reas .  The t h i c k  

l a y e r  of aluminum can then be deposi ted over the  device and con- 

f i g u r a t i o n  of the  second interconnect  achieved by etching.  The 

increased th ickness  of the  aluminum insured con t inu i ty  through 

the  contac t  openings and over high v e r t i c l e  s t e p s  over  the f i r s t  

interconnect .  This process proved workable and i s  t h e  one s tand-  

ardized upon by Westinghsuse. 

2 

The second at tempt  a t  t h i s  process i s  the  f i v e - b i t  b ina ry  sec t ion  

of t he  subsystem was fabr ica ted .  A t  t h i s  t i m e ,  a l l  e f f o r t  was ex- 

pended on f a b r i c a t i n g  a three-phase genera tor  ch ip  s ince  enough m a t -  

e r i a l  of each of the o the r  devices  was i n  ex i s t ance  t o  f a b r i c a t e  

-16- 



one system, however, the  s l i g h t  mis-s iz ing of the  second 

interconnect  mask of the three-phase genera tor  made it impos- 

s i b l e  t o  f a b r i c a t e  t h i s  device without  f i r s t  r e s i z i n g  the  mask. 

A t  t h i s  time the  funds on the con t r ac t  were expended and Westing- 

house stopped work u n t i l  fu r the r  funding became ava i lab le .  The 

f i r s t  t a s k  performed when t h i s  funding became ava i l ab le  was an 

extremely accura te  r e s i z ing  of t he  second in te rconnec t  mask, 

however f u r t h e r  d i f f i c u l t i e s  were encountered i n  the  3-phase 

genera tor  por t ion  of the  device. These were simple r i e ld  f a i l -  

u res  and the  c a p a b i l i t y  t o  push enough ma te r i a l  through d id  not  

exis t  a t  Westinghouse, therefore  another  approach was taken t o  

maximize the  y ie ld .  

shown i n  Figure . The advantage of t h i s  approach was t o  reduce 

p re - t e s t ing  time a considerable  reduct ion  i n  the  number of c ross -  

overs ,  a considerable  reduct ion i n  the  number of con tac t  open- 

ings  t o  be made from f i r s t  and second interconnect  out  of t he  

g r e a t  increase  i n  s i z e  of these contac ts .  Also t o  f u r t h e r  insure  

adequate low contac t  r e s i s t ance  between the  f i r s t  and second i n t e r -  

connect the  device i s  etched i n  an  e t c h  t h a t  w i l l  a t t a c k  aluminum 

oxide bu t  no t  aluminum f o r  10 minutes immediately p r i o r  t o  second 

interconnect  evaporat ion and kept  i n  an  i n e r t  atmosphere f o r  t r ans -  

f e r  from t h e  e t c h  t o  the evaporator. 

which the  3-phase generator  was success fu l ly  produced. 

This was t o  use a t h r e e  J K  f l i p - f l o p  approach 

This was the  technique by 
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The output s ec t ion  of the 3-phase genera tor  has presented 

some unique problems i n  in tegra ted  c i r c u i t s .  

NON-LINEAR LOAD SWITCH 

I n i t i a l  design considerat ion ind ica ted  t h a t  the  50 v o l t  square 

wave output switches could be made by using an NPN switching 

t r a n s i s t o r  wi th  a f i e l d  e f f e c t  load r e s i s t o r  a s  shown i n  Figure 1. 

This device would l i m i t  t he  cur ren t  flow i n  the "on" condi t ion  and 

allow the  output t o  approach the  52 v o l t  supply i n  the  l l o f f "  condi- 

t ion .  However, i n  order  t o  ob ta in  a t r i o d e  region r e s i s t ance  of 

small enough value t o  meet the 50 - + 1 v o l t  output requirement, 

pinch of f  cu r ren t  g r e a t e r  than 15 mill iamps would have been r e -  

quired due t o  the physical  l imi t a t ions  of t he  device s t ruc tu re .  

This would have r e su l t ed  i n  a power d i s s i p a t i o n  of g r e a t e r  than 

.37 wat ts  per output  switch,  an i n t o l e r a b l e  s i t u a t i o n  f o r  t h i s  

appl icat ion.  For t h i s  reason, a c i r c u i t  with a "switching load' '  

was designed f o r  performing the high vol tage  output .  This c i r -  

c u i t  shown i n  Figure 9 provides low power d i s s i p a t i o n  because a 

neg l ig ib l e  cu r ren t  flows during the ground por t ion  of the  cycle.  

The necess i ty  of both NPN and PNP s t r u c t u r e s  g r e a t l y  complicated 

the  processing € o r  producing a s ing le  chip as shown i n  Figure 6. 

For reasons of increased r e l i a b i l i t y  and t o  decrease the complexity 

of processing, t he  decis ion was made t o  f a b r i c a t e  the  switch i n  

two separa te  operations.  The dot ted  l i n e s  on Figure 6 i n d i c a t e  

the por t ions  a s  4Xvided. Figure 7 shows the  s t r u c t u r e  proposed 

f o r  t he  NE" por t ion  of t he  switch. Figure 8 shows t h a t  proposed 

f o r  the PNP. 
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The NPN por t ion  

parameters were 

OUTPUT 

of 

a s  

the output switch was f ab r i ca t ed  and t y p i c a l  

shown be low : 

'CER = 68 v o l t s  

h~~ = 30 

%oad = 5K 

'Offset = 100 m i l l i v o l t s  a t  IB = 1.6 ma,  

'CBO = 85 v o l t s  

' Isolat ion = 110 v o l t s  

IC = 0 

Samples of these  devices were t e s t e d  func t iona l ly  under environ- 

mental condi t ions of -55OC t o  + 100°C. Rise and f a l l  t i m e s  of 

1--- L~~~ t h e  L L b a  5 qicrc! seconds were maintained over t he  complete 

range. The o f f s e t  vo l tage  was l e s s  than 200 m i l l i v o l t s  under 

a l l  condi t ions.  However, the y i e lds  an t h i s  device were q u i t e  

Low due t o  the  d i f f i c u l t y  of achieving i so l a t ion .  

A s e l e c t i v e  high concentrat ion boron d i f f u s i o n  was used t o  ob ta in  

i s o l a t i o n  during a long high temperature d i f f u s i o n  cycle.  This 

has se r ious  disadvantages i n  obta in ing  i s o l a t i o n  a t  t he  low con- 

c e n t r a t i o n  end of the d i f fus ion  p r o f i l e ,  a s  i t  had t o  pene t ra te  

through the  moderately high sub-layer  concentrat ion.  

showed t h a t  by using a s e l e c t i v e  d i f f u s i o n  of high concent ra t ion  

Experiments 

I I  N I 1  type dopant, p r i o r  t o  growing the  e p i t a x i a l  l aye r ,  t he  i s o l a -  

t i o n  problem was g r e a t l y  s implif ied.  The sub-layer was d i f fused  

s e l e c t i v e l y  i n  a reas  t h a t  did not r equ i r e  t h e  i s o l a t i o n  d i f f u -  

sion. Thus t h e  boron d i f fus ion  only needed t o  d i f f u s e  through 

the  s i n g l e  top  l aye r  of N type ma te r i a l  which has  a moderate re- 

s i s t iv  it  y . 
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This conf igura t ion  a s  shown i n  Figure 9 was q u i t e  successfu l  and 

has become the  standard method f o r  f a b r i c a t i n g  high breakdown 

t r a n s i s t o r s  a t  Westinghouse. 

Some d i f f i c u l t  problems were met i n  bui ld ing  the  PNP por t ion  

the  output  switch,  p r inc ipa l ly  t h a t  of obtaining good e l e c t r i c a l  

i s o l a t i o n  of components. 

pressure of phosphorus. 

over the  s e l e c t i v e  N-type (phosphorus), d i f fus ions  i n t o  the  sub- 

s t r a t e ,  the  phosphorus dopant tends t o  re-deposi t  over t h e  e n t i r e  

e p i t a x i a l  j unc t ion  in t e r f ace ,  producing an N-type layer .  This 

e f f e c t  i s  r e fe r r ed  t o  as "swamping". 

t o  reduce t h i s  e f f e c t :  

(phosphorus) concentrat ion;  (2) etching more of the s e l e c t i v e  

d i f fused  s u b s t r a t e  before  e p i t a x i a l  growth; (3) growing a more 

concentrated (lower r e s i s t i v i t y )  P-type l aye r  e p i t a x i a l l y ;  ( 4 )  

i n j e c t i n g  dopant a t  a very high r a t e  during the i n i t i a l  g r m t h  

period. Many considerat ions l i m i t  t he  exclusive use of any one 

of these methods and t e s t s  showed t h a t  moderate use of each was 

the b e s t  plan. Thus, a s  shown i n  Figure 6,  a f t e r  phosphorus sub- 

deposi t ion,  a high concentrat ion P+ l aye r  i s  e p i t a x i a l l y  grown, 

followed by a lower concentrat ion P l a y e r  with s u f f i c i e n t l y  high 

r e s i s t i v i t y  t o  s u s t a i n  t h e  required 52 v o l t  breakdown. The 

i n i t i a l  P+ l a y e r  a l s o  helps lower the  c o l l e c t o r  series r e s i s t a n c e  

which was h igher  than des i r ab le  i n  e a r l y  runs. 

One problem came from the high vapor 

When a P-type e p i t a x i a l  l aye r  i s  grown 

Several  methods can be used 

(1) using a lower N-type sub-deposit ion 

This was necess i t a t ed  by the mounting p o t e n t i a l  being e s t ab l i shed  

a t  the  ground l e v e l  f o r  the major i ty  NPN devices.  I f  f i v e  l a y e r s  

were not obtained,  t he  device would be shorted and a diode forward 

b i a s  would be obtained t o  the ground leveJ  thus preventing proper 

opera t ion  of the c i r c u i t .  'The subdeposi t ion i s o l a t i o n  bucket shown 
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i n  Figure 4 i s  a c r i t i c a l  port ion of t he  i so l a t ion .  

t i o n  must be high enough not  t o  be overcome by the  F e p i t a x i a l  growth. 

However, i t  must be low enough not  t o  ou t -d i f fuse  and compensate the  

P c o l l e c t o r  tub region. 

ta ined  from top  and bottom due t o  the  high concentrat ion P f i r s t  

e p i t a x i a l  layer .  The i s o l a t i o n  of t h i s  device has proven t o  be 

qu i t e  d i f f i c u l t .  One of the major problems encountered has been 

t h a t  of "swamping out"  of the sub-tub impuri t ies .  

pressure of the  sub-deposition r e s u l t s  i n  a d i s t r i b u t i o n  of N impurity 

along the  i n t e r f a c e  of the  subs t r a t e  e p i t a x i a l .  Incomplete e l e c t r i c a l  

i s o l a t i o n  from component t o  component i s  the  consequence. 

l e m  w a s  overcome a f t e r  properly ad jus t ing  e p i t a x i a l  growth conditions.  

The concentra- 

The N-type i s o l a t i o n  d i f f u s i o n  must be ob- 

The high vapor 

This prob- 

A second problem which has  proved equal ly  d i f f i c u l t  t o  so lve  w a s  

t h a t  of growing a high r e s i s t i v i t y  P e p i t a x i a l  l a y e r  on t o p  of t he  

f i r s t  moderate r e s i s t i v i t y  iayer .  Tne first l ayer  was rgquired t o  

ob ta in  moderate t o  low c o l l e c t o r  s e r i e s  r e s i s t ance .  Several  runs 

were processed which resu l ted  i n  l o w  co l l ec to r - emi t t e r  breakdown. 

The primary cause f o r  t h i s  was out -d i f fus ion  of the  sub-epi tax ia l  

l a y e r  during the  vapor phase growth of t he  top  l aye r ,  and add i t iona l  

d i f f u s i o n  of t h e  higher  impurity region i n t o  the  upper low concentra- 

t i o n  region during subsequent d i f f u s i o n  processing. The so lu t ion  t o  

both of these  problems was obtained by experiments r e s u l t i n g  i n  im-  

proved techniques . 
A t h i r d  problem encountered i n  t h e  bas i c  PNP s t r u c t u r e  was t h a t  05 

obta in ing  good a l l o y  contact.  The mate r i a l  most commonly used f o r  

in te rconnec t ion  of in tegra ted  c i r c u i t s  i s  aluminum. It dopes 

P-type and works wel l  f o r  making contac t  t o  NPN s t r u c t u r e  because 
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the  emi t t e r  and c o l l e c t o r  region a r e  high concentrat ion N-type 

and the  base i s  of a moderate P-type. 

i s  of moderate N doping and r e c t i f y i n g  contac ts  a r e  obtained from 

aluminum al loyed t o  the  base region. 

took place a t  t he  concentrat ion l e v e l s  being used. 

t h i s  problem of junc t ion  formation, severa l  contac t  ma te r i a l s  were 

considered: 1) gold,  2) antimony doped gold,  3) doped aluminum t o  

reduce i t s  P concentrat ion,  4)  doped s i l i c o n ,  5)  an N+ d i f f u s i o n  under 

t h e  contacts .  Considerable e f f o r t  was d i r ec t ed  towards s o l u t i o n  of 

the  moderate concentrat ion N t o  m e t a l l i c  contac t  bond. Experiments 

were performed wi th  doped aluminum and s i l v e r  a l loys ,  and some 

simultaneous evaporation of d i f f e r e n t  metals. Several  of t h e  tech-  

niques used provided non-rect i fying contac t ,  bu t  had an undesirably 

high ohmic res i s tance .  A t  the  conclusion of these  experiments, t he  

amount of e f f o r t  required f o r  a complete s o l u t i o n  by t h i s  technique 

appeared t o  be too long for incorpora t ion  i n t o  t h i s  project .  

s a t i s f a c t o r y  process f o r  gold contac t  formation was per fec ted  and 

used a s  an in te r im solut ion.  However, it i s  considered t o  be un- 

des i r ab le  f o r  high temperature s torage  app l i ca t ions  due t o  the  forma- 

t i o n  of a b r i t t l e  gold aluminum complex. 

d i f f u s i o n  i n  a l l  N regions was incorporated so t h a t  a l loyed  aluminum 

con tac t s  could be made without r e c t i f i c a t i o n .  

The base of a PNP s t r u c t u r e  

A t es t  wafer proved t h a t  t h i s  

To e l imina te  

A 

For t h i s  reason a n  N+ 

The disadvantage of t h i s  system i s  a requirement f o r  an  add i t iona l  

photomasking and one add i t iona l  d i f fus ion .  However, q u i t e  good 

r e s u l t s  were obtained by t h i s  process. 

cessed f o r  t h i s  p a r t i c u l a r  c i r c u i t ,  e igh t  were r e j e c t e d  due t o  poor 

i s o l a t i o n  and leaky junct ions.  VGEO va lues  were below t h a t  of t he  

design center .  Three completed runs suf fered  from the  same d i f f i c u l t y .  

Of t h e  t h i r t e e n  runs pro- 
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Due t o  the complexity of the f i v e  l a y e r  device,  it was decided 

t o  i s o l a t e  the  PNP i n  mounting i n  the  "Proposal f o r  Continued 

Ef fo r t  on the  Molecular Elec t ronics  Power Supply Synchronizer". 

By July 1965, s u f f i c i e n t  PNP u n i t s  had been produced t o  complete 

t h e  p ro jec t ,  These u n i t s  met  a l l  parameter spec i f i ca t ions .  The 

f i n a l  conf igura t ion  i s  shown i n  Figure 8 , 

One of t he  bas i c  problems which has caused f a b r i c a t i o n  d i f f i c u l t i e s  

i n  a l l  devices i s  t h a t  of so f t  j unc t ion  breakdown, p a r t i c u l a r l y  

i so l a t ion .  This s o f t  reverse c h a r a c t e r i s t i c  can be i n  some cases 

a t t r i b u t e d  t o  t r a c e  me ta l l i c  ions i n  the  bulk of t h e  semiconductor 

material. Prevention of the exposure of the ma te r i a l  t o  m e t a l l i c  

substances i s  almost impossible, The most outs tanding example i s  

the  hea te r  c o i l s  used i n  the furnace t o  generate  temperatures i n  

the  order  of 1200°C. There a r e  however, methods f o r  r emving  these  

contaminates by using ge t t e r ing  t o  draw them out  of t he  s i l i c o n  

ma te r i a l .  

ses a ve ry  l a rge  g rad ien t  i n  t h e i r  temperature s o l u b i l i t y  curves ,  

which r e s u l t s  i n  p rec ip i t a t ion  of those metal  ions present  i n  the  

semiconductor ma te r i a l  into l oca l i zed  a reas ,  These a reas ,  most 

genera l ly  cause a premature, l oca l i zed  breakdown through the  

nuc lea t ion  of fo re ign  m a t e r i a l .  !The incorpora t ion  of a g e t t e r i n g  

phase following a l l  other processing has r e su l t ed  i n  a considerable  

improvement i n  a l l  junct ions of NPN and PMP a l i k e ,  The r e s u l t s  ob- 

ta ined have shown a much more uniform i s o l a t i o n  c h a r a c t e r i s t i c  which 

has been one of the primary f a i l u r e  mechanisms. Leakage cu r ren t s  

were shown t o  be reduced from 1 t o  2 orders  of magnitude i n  most 

.cases. 

Copper, gold and i r o n  are three  of the  metals  which pos- 
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